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Increase DID field length to reduce paging collision probability (16.2.1)
Daniel Cohn, Oleg Marichenco, Gal Haklai, Vladimir Yanover, Mirit Elyada-Bar
Alvarion
Problem Description

1. In 802.16m/D5, the paging controller (PC) assigns each AMS entering idle mode with a deregistration identifier (DID), which is used by the PC to page the AMS. The AMS receives the assigned DID in the AAI_DREG-RSP message where the ABS commands or confirms the AMS should enter idle mode. The DID can also be modified at the location update.
If more than one AMS belonging to the same paging group is assigned with the same DID and also the same paging cycle and offset (also assigned by the network and received in the AAI_DREG-RSP message), when the PC pages one of these AMSs, all of them will exit idle mode, resulting in increased network overhead and lower battery savings for the AMSs that were not intended to be paged. This scenario is referred to as a paging collision (aka false positive result).
In the scenario shown in Figure 1 where a single PC serves all AMSs in a PG (i.e. the PC is associated with one ore more PGs), collisions can be avoided as long as there are less than P*210 idle AMSs in the PG, where P is the number of non-overlapping paging cycles and offsets supported. 
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Figure 1 – Centralized paging controller


It should be noted that the centralized scenario requires the PC to be topologically aware.

A different scenario should also be considered, described in Figure 2, where several PCs serve AMSs in the same PG. 
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Figure 2 – Distributed paging controllers

This scenario occurs for example when AMSs move across ABSs with different preferred anchor PCs, and AMSs currently in the same PG entered idle mode with different anchor PCs. . This occurs because the network allows “anchoring” of the PC function on a per-MS basis together with other MS-related network functions (such as authenticator and anchor GW). WMF NWG also developed and mandated a “topology-unaware” paging scheme where the anchor PC is not geographically associated with the particular PG. This results in many APCs (potentially as many as there are ASN GWs in the network) being able to serve idle MSs in the PG. 

In such a scenario, it cannot be assumed that PCs will coordinate DID assignment to avoid collisions. No such a protocol exists, and it would not be scalable solution.

Assuming each PC assigns DIDs using a good randomization scheme, the probability of collision for a given pair of AMSs in the same PG served by different PCs becomes then
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. For large PGs with a high number of idle AMSs, the collision probability for any AMS in the PG becomes unacceptable. 
This problem has been acknowledged by the WiMAX Forum networking group, as described in [1], slide 9.
Suggested Solution
Without presenting numerical results, it seems reasonable to expect that 802.16m paging collision probability should not be higher than that of 802.16e. In 802.16e, collision probability is 2-24. To achieve at least the same performance as in 802.16e without imposing requirements on the number of non-overlapping paging cycle and offsets that should be supported, the DID length should be increased to 24 bits.

DID uniqueness requirement is removed, relying instead in good randomization at the PC for DID selection resulting in acceptable probability of paging collision. Accordingly, paging cycle, paging offset and paging group are decoupled from DID, i.e. AMS performing location update or being paged is identified solely by its DID.
Suggested Standard Modifications
1.- Modify section 16.2.1.2.3 - Deregistration Identifier (DID) in page 45, line 20 as follows:

The DID shall uniquely identify the AMS within the set of paging group ID, paging cycle and paging offset.
The network shall assign a 24 bit DID to the AMS it enters idle mode. The DID uniquely identifies the AMS in the paging controller context for the location update and idle mode re-entry processes. 

2.- Modify table 680 (AAI_RNG-REQ message field descriptions) in page 78, lines 10-12, as follows:
	O
	Paging Controller ID
	48
	The Paging Controller ID which the AMS currently maintains in idle mode.
	It shall be included when the AMS is attempting to perform reentry from Idle Mode or location update



	O
	Deregistration Identifier (DID)
	10
24
	The ID which the AMS is assigned for idle mode and currently maintains.
	

	O
	PGID
	16
	The identification of the paging group that the AMS is previously belonging to.
	

	O
	Paging Cycle
	4
	PAGING_CYCLE applied to the AMS
	

	O
	Paging Offset
	4
	PAGING_OFFSET applied to the AMS
	


3.- Modify table 681 (AAI_RNG-RSP message field descriptions) in page 81, lines 48-50, as follows:
	O
	Paging Controller ID
	48
	The new Paging Controller ID which the AMS shall maintain in idle mode.
	It shall be included only if the Location Update Response = 0x00 (Success of Idle Mode Location Update) and Paging Controller ID has changed

	O
	Deregistration Identifier (DID)
	10
24
	The new DID which the AMS shall maintain in idle mode.
	


4.- Modify table 708 (AAI_DREG-RSP message) in page 138, lines 31-33 as follows:
	O
	Deregistration Identifier (DID)
	10
24
	Used to indicate Deregistration ID used to identify

the MS in idle mode

0..210224-1

	Shall be present when Action code in AAI_DREG-RSP message is set to 0x05 or 0x07




5.- Modify table 709 (AAI_PAG-ADV message) in page 141, lines 28-31 as follows:
	M
	Paging_Group_IDs bitmap

	-
	Indicate that the paging information for the corresponding

paging group is included in AAI_PAG-ADV message

The length of Paging_Group_IDs bitmap is same as Num_PGIDs in PGID_Info message.

0: the paging information for the corresponding PGID is not included

1: the paging information for the corresponding PGID is included
	N.A.


	O
	Num_AMSs
	5
	Indicate the number of paged MSs in a corresponding

paging group

1..32
	Shall be present when Paging_Group_IDs bitmap of a corresponding PGID is set to 1

	M
	Paged MS info [1..32]
	Deregistration Identifier
	1024
	Used to indicate Deregistration ID for the MS to be paged (Deregistration Identifier and Paging Cycle are used to identify each paged AMS)
0..210224-1

	Shall be present if the Network Configuration indicates ABS is attached to the advanced network

and unless Num_AMSs is 0 and

	M
	
	Paging Cycle
	4
	Used to indicate Paging cycle for the AMS to be paged

0x00: 8 superframes

0x01: 16 superframes

0x02: 32 superframes

0x03-0x0F: reserved
	Shall be present unless Num_AMSs is 0

	M
	
	Action Code
	1
	Used to indicate the purpose of the AAI_PAG-ADV message

0b0: perform network reentry

0b1: perform ranging for location update
	Shall be present unless Num_AMSs is 0
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